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ABSTRACT 


It is increasingly becoming difficult to access potable water in Ekiti State, Southwestern Nigeria due to poor sanitation 
and unhygienic practices. Ten (10) sanitation and hygiene factors that may lead to contamination of groundwater were 
accessed in eighty eight (88) wells from the study area with a view to observe if the survey can be a substitute to 
hydrochemical and microbial evaluations of the groundwater. Data obtained from the survey were subjected to statistical 
evaluation and graphical plots using Microsoft Excel. The result was subsequently classified into very high (90 to 100%), 
high (60 to 80%), intermediate (40 to 50%) and (0 to 30%) as low. The result of the sanitary survey revealed that the 
contamination risk values ranged from 0 — 50% falling in the low to intermediate classes of risk classification. Over 80% 
of the sanitary survey in the area fell into low risk class while <20% were in the intermediate category. No sanitary 
survey results in the high and very high classes of risk classifications showing that the groundwater in the study area 
was relatively free from contamination and safe for consumption. This observation was supported by previous work in 
the area which indicated that groundwater was low mineralized with limited water-rock interactions. However, 
groundwater in the area has been found to be contaminated bacteriologically an indication that the groundwater was not 
potable. The sanitary risk survey can serve as a quick check on the hygienic situation of groundwater but it cannot 
replace hydrochemical and bacteriological evaluations of the groundwater as previous research from the area revealed 


low mineralized water that has been infected bacteriologically. 
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1. INTRODUCTION 


Safe water is essential for the continual sustenance of human health. Health-related problems are often consequent 
of contamination of water. Groundwater can be contaminated/polluted through geogenic and anthropogenic 
activities. The anthropogenic activities control the sanitary system (survey) of any society. Most pollutants are from 
poor management of on-site sanitation systems, sewage and sewage sludge as well as rubbish dump leachates. 
Sanitation refers to public health conditions related to clean drinking water and ‘treatment and disposal of human 
excreta and sewage [1]. Preventing human contact with feces is part of sanitation, as is hand washing with soap [2, 
3]. Lack of sanitation usually means lack of toilets or lack of hygienic toilets that anybody may want to use 
voluntarily. The result of lack of sanitation is usually open defecation (and open urination but this is of less 


concern) with associated serious public health issues [4]. 


Groundwater can be contaminated by design, accident or through neglect. Neglect arising from the care 
free attitude of humans towards sanitation and hygiene practices are most prevalent, especially in rural settings. A 


Sanitary survey entails evaluating our physical environment with a view to identifying possible health hazards and 
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sources of environmental contamination. Sanitary surveys are a comprehensive inspection of the entire water delivery 
system from the source to the mouth and are, therefore, the best means of identifying potential problems and changes in the 
quality of drinking water. Sanitary surveys, which are observational checklists to assess hazards present at water sources, 
are simpler to conduct than microbial tests [5]. Sanitary surveys can be completed quickly and require no special 
equipment, making them less expensive and easier to implement than microbiological testing [6]. It is estimated that 2.4 
billion people still lack improved sanitation facilities including 660 million people who lack access to safe drinking water 


as of 2015 [7]. 


Previous research work from the study area (Ekiti State Nigeria) revealed that open defecation is still operational 
in some parts of the area. The research on Bacteriological Evaluation of Groundwater in Ekiti-State, Southwestern Nigeria 
[8] revealed that virtually all groundwater samples tested positive to bacterial contamination arising principally from 
surface phenomena of improper disposal of wastes and human faeces. The study has it that correlating sanitary survey with 
microbial water quality test produced mixed results. Research from County Cork, Ireland, though with few contaminated 
samples, revealed no correlation between sanitary survey—identified hazards and thermotolerant coliform (TTC) [9]. In 
contrast, a study in Dar es Salaam, Tanzania, showed that 87% of the measured Escherichia coli concentrations of wells in 
the area could be predicted from their sanitary scores [6]. Despite the observed shortcomings of the sanitary survey, 
information about the quality of rural drinking water sources can be deviously obtained and used to manage their safety 


and mitigate risks to health [5, 9]. 


This study therefore aimed at the Sanitary Survey of Wells in Ekiti State, Southwestern Nigeria with a view to 


evaluating the dare consequences on groundwater quality using existing water quality research in the area. 


2. LOCATION OF STUDY 


Ekiti State is one of the thirty six states in Nigeria with a population of 2,384,212 [10].(NPC, 2006). It is located between 
longitudes 4°48’ and 5°30’ East of the Greenwich meridian and latitudes 7°25’ and 7°52’ North of the Equator with a total 


land area of 4,344km? [11] (Figure 1). The area is an upland region with elevation generally above 250m above sea level. 


The area enjoys a tropical rain forest climate with distinct wet and dry seasons. The dry season spans from 
November to April while the wet season is between May and October. The mean annual rainfall is about 1700mm while 


the mean monthly temperature and relative humidity are 29°C and 75% respectively [12]. 
2.1. Geology and Hydrogeology of the Study Area 


The study area is part of the Basement complex of southwestern Nigeria and almost all the sequences of rocks present in 
the southwestern basement terrains are found in Ekiti State. Geologically, Ekiti state comprises of crystalline rocks mainly 
migmatite-gneiss-quartzite complex, quartzite, psamitte, older granites and charnockites (Figure. 1). The older granites and 
chrnockites have ubitiqous occurrence. The migmatite is the oldest rock in the area (2.0 — 3.0 Ga) [13]. The migmatite is 
the most abundant rock with about 65% coverage of the terrain. It has suffered many tectono thermal events that have 
brought rocks of various origins together [14]. Prominent in the area are banded gneiss, migmatite gneiss and granite 
gneiss. The granite gneiss is heterogeneous having the metamorphosed portion and the granitic portion with varying 
textural characteristics [15]. Mineralogically, the rock displays felsic minerals including quartz, feldspar and mica with 
some accessory minerals such as Myrmikite. The rock also displayed varieties of structural elements such as folds, cracks, 


folded quartz-veins and foliations. The migmatite gneiss are low lying outcrop of medium to coarse grained texture and 
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with mafic and felsic bands defined by biotite, hornblende and other ferromagnesian minerals [15]. The banded gneiss is a 


metamorphic rock with alternating mafic and felsic minerals. 
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Figure 1: Geology Map of the Study Area Indicating Surveyed Wells Modified After [11]. 


The granites were emplaced in close association with the charnockites during the Pan-African orogeny. The 
granites are distinguishably unique because of their visible minerals, lack of foliation, fine-medium grained texture and 
compact interlocking crystals that developed during the crystallisation of magma. Granitic rocks of porphyritic texture 
occur around Ado-Ekiti, Ikere-Ekiti and close to Ikole-Ekiti. Some of the outcrops occur as well-rounded boulders devoid 
of any preferred orientation of component minerals. Some of the rocks form prominent high rising inselbergs at Ikere-Ekiti 
in the southern part of the study area. The Psammite is found in Efon Alaye area and is often referred to as Efon Psammite. 
The Efon Psammite is a NNE-SSW trending highly foliated, jointed, schistose ridge often showing interesting sedimentary 


structures [16]. Psammite represents metamorphosed rock with sandstone protolith. 
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The hydrogeology of the area is controlled by its climate, the underlying rock units as well as its structures. Both 
the surface water and groundwater constitute the hydrogeology of the study area. The major surface water in the study area 


are rivers Ogbese, Osun, Oni, Ose and 


Ero and their tributaries [17]. Rainfall plays a vital role in groundwater occurrence in the study area. Two main 
seasons occur in the area with the rainy season experiencing high rainfall and the intensity of groundwater recharge is 
always high being a function of precipitation. It was reported by [18] that wells dug close to the river normally contain 
water at shallow depth. However, the water table falls progressively in the dry season with the amount of fall determined 
by the location of the well from the river. Generally, the closer a well is to the river channel, the smaller the fall. The study 
area is covered with crystalline rocks that are non porous and non permeable except when they are fractured or weathered 
so that there will be thick overburden to hoist water. As the concept of interstices — open spaces that form receptacles and 
conduits for groundwater, their origin, shape and interconnection, is fundamental to groundwater occurrence in the study 
area. The types and origin of openings, therefore, may be considered to be a basis for the groundwater occurrence in the 
area. Primary aquifer is of no consequence in the basement terrain of Ekiti State. However, the area consists mainly of 
secondary aquifers in which groundwater occur in secondary openings which originate from processes that affect rocks 
after they were formed. The secondary openings are in terms of joints, cleavages, bedding planes, faults and pores resulting 
from the disintegration, decomposition and dissolution of rocks. The processes are tectonic deformation, weathering and 
unloading by degradation of the land surface. In this terrain surface runoff is high and groundwater occurrence is erratic. In 
most situations, the rocks that are heterogeneous in distribution controls the occurrence of groundwater apart from 
weathering intensity. Most groundwater occurrence is tapped from the thick overburden weathered rocks in the area. Most 
of the inhabitants tapped the resources by construction of hand dug shallow wells with few boreholes. The crystalline 
rocks, generally in their unaltered form, are characterized by low porosity and permeability. Porosity in the basement rocks 
is by induction through weathering while secondary permeability induced by tectonic activities served as paths that 
facilitate water movement. In other words, aquiferous zones in the Ekiti-State basement terrain include fractured/weathered 
rocks. Groundwater occurs in the basement complex either in the weathered mantle or in the joints and fractured systems in 
the fresh rocks and buried stream channels [19, 20]. The highest groundwater yield in the basement terrain is found in areas 
where thick overburden overlies fracture zones [21]. Demographic records in the area of the study revealed that the 
groundwater recharge from the rivers is about 250mm, while rainfall infiltration accounts for a much higher amount of 
1000mm. The rock units have low primary porosity and hydraulic conductivity. Two major aquiferous units have been 
identified to be the weathered overburden and fractured layers. Boreholes yield as reflected in Benin/Owenna River Basin 


authority records ranges from 0.31-10L/s. The 10L/s occurred at Ikere-Ekiti artesian well. 
3. METHODOLOGY 


Eighty eight wells were randomly selected from the study area for the sanitary survey exercise (Fig.1). The sanitary survey 
processes in accordance with [22] were adopted in this research. Modifications to questionnaires were made where 
necessary to suit the local situations of the area. At each well, prepared questionnaires were admitted and answers in form 
of yes or No were provided. Subsequently, a critical look at the answers were undertaken to arrive at the risk score. Critical 
look at the answers became imperative as both yes and no may constitute a risk e.g. Is the well covered?. “No” to this type 
of question constitute a risk whereas yes indicates no risk. On the other hand, a well that is fetched using a bucket and rope 


will have a yes response and in this response, yes answer constitutes a risk. A score of one point was awarded for each 
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“yes” or “no” answer that constitutes a risk and zero point for each “no" or “yes” answer that indicates a no risk observed. 
By summing all the scores for which risks are observed a final risk score was obtained which provide the overall 
assessment of the risk profile of each well. The total sanitary risk score was converted to a percentage while the aggregate 
risk score was graded as very high (90 to 100%), high (60 to 80%), intermediate (40 to 50%) and (0 to 30%) as low in 
agreement with [6] research on sanitary inspection of wells using risk-of-contamination scores. Data obtained from the 
survey were subjected to statistical evaluation and graphical plots using Microsoft Office Excel 2007. Results of the 


sanitary survey were compared with some existing research work on hydrochemistry of the study area [8, 11, 23, 24]. 
4. RESULTS AND DISCUSSIONS 


The results of the sanitary survey are presented in Table |. The result revealed that the risk values in the study area ranged 
from 0 — 50% falling in the low to intermediate classes of risk classification (table 2). However, based on rock units, 
charnockite has risk values ranging from 0 — 50% (av. 33.08%) while both the porphyritic granite and fine to medium 
grained granite have risks falling between 10 and 40% (av. 22.50%). The risk values of schist fall within 20 — 30 % (av. 
22.86) (Figure. 2). A critical look at this result (Table 1) revealed that the high risk values are more prevalent in the 
charnockitic rock while this is closely followed by migmatite risks’ values (Figure. 2). Some of these rocks are low lying 
while a few of them form high rising hills within the study area. There is no plausible reason for the variability in the risks' 
values based on rock units. However, the settlement of humans may contribute to the difference as the densely populated 
area is likely to be pruned to pollution due to increased anthropogenic activities. The majority of the wells in the study area 


(>80%) fall in the low category of risk classification while some (<20%) are in the intermediate class (Figure. 3) 


The work of [11] showed that the groundwater system in the study area was low mineralized with limited water— 
rock interactions. The result of their research supports the low — intermediate classes of risk of groundwater in the study 
area. However, [8] revealed that the groundwater in the study area is low mineralized fresh water which has been polluted 
bacteriologically arising principally from surface phenomena of improper disposal of wastes and human faeces. 
Bacteriological pollution has been the bane of many water-borne diseases in the study area and is not in agreement with the 
result of the sanitary survey that revealed low — intermediate risk of pollution. Recent work of [24] revealed an 
insignificant state of pollution of the groundwater in Ado-Ekiti in tandem with the sanitary survey of this present research 
indicating low to intermediate risk of contamination in the area. It is obvious that the hydrochemical and bacteriological 
processes of water are dynamic. The sanitary risk survey can serve as a quick check on the hygienic situation of 
groundwater in the study area. The survey cannot replace hydrochemical and bacteriological evaluation of the groundwater 


as most research revealed low mineralized water that was infected by bacterial pollutants. 
5. CONCLUSIONS 


Over 80% of the results of the sanitary survey fell into the low risk class while <20% were in the intermediate category. In 
terms of rock units, the high risk values are more prevalent in the charnockitic rock while this is closely followed by 
migmatite risks’ values. The sanitary survey of wells in the study area fall into low to intermediate classes of risks’ 
classification indicating an insignificant state of pollution of the groundwater. However, previous work in the area 
indicated that groundwater in the area is infected by bacterial pollutants. The sanitary survey can serve as a quick check on 
the quality status of groundwater in the study area but cannot serve as a substitute to hydrochemical and bacteriological 


assessments of groundwater. 
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Table 1; Data Obtained from Sanitary Survey of Wells in the Study Area 


ee eet ae 
LMG | Yes | No | | Yes | No | No | No | 20 | 

|_No_| | No | No | No | 20 | 
| No | Yes [| No | Yes | No [ 10 | 


Cat] Eyio [310-79 [ 743.62] 

| MS | Tworoko | 515.67 | 743.83 | 429 | 

| M9 | Awo {| 309 | 742.83 [374.93 | 

[MO | “Olore-farm [S155] 7215 393] | No | No | Yes [No | 

MIL] Are | 317.92 | 742.58 | 402.03 | Yes [No | No | No | Yes | No | Yes | No [| No [| No | 20 | 

| Ml2 | Asaromi-iyin | 311.64 | 740.53 | 437.39 | No | No | No | No [No | No | Yes | No | No | No | 40 | 

[M3 | Hokun | 315.19 | 74133 [| 403 | No | No | No | No | Yes | No | Yes_| 

| Mi4 | Igbemo | 523.43 | 740.66 | 384.33_| 

|_ MIS | Abaegbira-elem | | No [| No | No | No_| Yes | No | Yes | No | No | 

[MEY Bolormdnro_[Sz008 [73741 [37795 [Yes [Ne [No [No [Yer [Ne [Yer [No [Ne [Ne [20 

| MI7 | Tumobs | 524.79 | 738.23 | 393.8 | | No | No | No [Yes [| No | Yes | No [| No | No | 20 | 

Fi) a eC | No | No | No [No [| No | Yes | No | No | No | 30 | 

[MIS] Erifun | 517.23 | 736.33 | 3749 | Yes | No | No | No [No | No | Yes_| 

| M20 | Ayoko | 218.57 | 735.98 | 370.64 | Yes [| No | No | No | Yas | No | Yes | No | No | No | 20 | 

| M21 | Agoologunja | 519.08 | 736.27 | 337.23 | Yes | No | No | No | Yes | No | Yes | No | No | No | 20 | 

oe ne 
[| Abaoyan [524.11 [735.44 [3999 [Yes [No [No [No [Yes [No | Yes [Yes [No [No J 30_] 


PADS [Thupeucjen | 50434 | 73443 | 37887 [Yes [No [No [No | Yes [No [Yes [No [No [No | 00 

[M6 | Absefon | $0739 | T3021 | 40689 [Ves [No [No [No] Yas [No | Yes_[No [No [No | 00_| 

[MET_| Kajolsise | 32496 | T3012 | 3850_|No [No _|No | No | No_|No | Yes_[No|No | No | 00_| 

2 
[Ta _| 49 _|Ves__[No_| No [No] Yer [No [No [No] Yes_|No | 0_| 
AE 

Ss a Co 

ABT | Osbese | S198. [ 72735] 42 Ves__[No_[ No 


[Yes | 
[MEE [Obadese [$00.86 [70748 —364_[Ves [No Yes [No | Yes [No | Yes_|Yas__[No [No | 0 
[MBS [Ise [No | Yes_| 


[No | Yes [No | Yes 
[ABE] Orum 36a 834 [366 [Yes [No [ No No [Yes No [Yes] 
|. M39 | Abaegbica | 525.34 | 72648 | 363 | Ves [No [No No Yes | No | Yes [No No [No | 20 
ae 222.86 | 748.8) Zit ean ERR 
[No 


Pr tx 
Par [ae ea eee ee 

[PGS_[Tkere | 31045| 77935 | 392 [No |No____|No [No [No |No_|Yex [No [No [No | 40 | 
[PGS [leeds | 50816 | 73998 | S614 [No [No _| [No['No_[Ves [Yer _| 

[Pe [Tia 


| No 
[PGE | There 31049 [7933 _[_ 399 [Ves [No No [No [Yas [No [Yes 
| PG? [There | 513.68 | 730.04 | 404 | Yes [No [No No Yes | No | Yes 
LPGS [Eruobodo | 31341 | 729.69 | 498 [No [No [No No [No [No [Yes [No [No [No | 40 
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|_ 506.49 | se 
[FCS | EE 
LEGS —| Teed | “307.67 | 740.03 [No [No [Yas [No No] 


Pee tare Te te hee ee ee te 


|FG7_|iyin 
DRGIO_| Odo | “307.45| 73696527 [Ne [Ne 
FGll |Tawe | 506.45 | 736.06 [| 432 [Yes 


[| 422 [No [No 
FG14 asians —[-s0538 | sage | sus | vs Te > ____}s_—_}vs-_ s—[ vs—[ s— s —s 


| FG15 | KejolaObuta | 502.08 | _733.66_| 40203 |No [No | No No OT No No | Yes | No [No No 30 


| Kajolaoriokuta | 502.08 | 733.66 | 402.03 [No [No [No No No [No [Yes [No No No 30 
Jie | aes fe eS HS EE HE ES 
fer aseoums | Abe Oetem | 226 | [| 616 | Yes | 


ee eee Loe ae a fe 
| 734.37 [| 409 | Yes [No No [No | No [Yes [No 
fer —[reseee [sine | er |e Pye he eee ete tee 


[No Xo 
ei tes ais [et [aes eo pe pe 0 
[C13 [tsbole 513.53 [748 [583.99 [No [No No No No Yes Yes No No No TT 40 


Table 2: Summary of Sanitary Survey Data in the Study Area 


Migmatite 10.00 | 50.00 | 24.32 | 9.29 
Porphyritic granite 10.00 | 40.00 | 22.50 | 9.31 
Fine grained granite 10.00 | 40.00 | 22.50 | 9.31 
Schist 20.00 | 30.00 | 22.86 | 4.88 
Charnockite 0.00 | 50.00 | 33.08 | 12.51 


NR ow 
“ 62 
> 2 
os 6 


Risk of contamination (°%) 


Migmatite  Porphyritic Fine grained Schist Charnockite 
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Rock Type 


Figure 2: Risk Classification of Groundwater in the Study Area base on Rock Units. 
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Figure 3: Risk Level Classification of Groundwater in the Study Area. 
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